We report a rare case of dural arteriovenous fistula at the craniocervical junction manifesting as cerebellar haemorrhage, which posed a diagnostic challenge for physicians. A 77-year-old woman with no history of arterial hypertension presented to our Emergency Department with dizziness, and imaging studies revealed a small cerebellar haemorrhage. She was diagnosed with hypertensive intracerebral haemorrhage and conservatively treated. Four months later, she developed subarachnoid haemorrhage, and imaging studies revealed dural arteriovenous fistula at the left C1 dural sleeve. Disruption of a distended cerebellar vein due to venous hypertension by dural arteriovenous fistula was considered to be responsible for intracerebral haemorrhage and subarachnoid haemorrhage. Dural arteriovenous fistula was cured following surgical ligation of a feeding artery and a draining vein. The present case was educational in that effort to identify the cause of bleeding using vascular imaging studies may be important in patients with seemingly typical hypertensive intracerebral haemorrhage, particularly in those without a past history of arterial hypertension.
Introduction
Spinal dural arteriovenous fistula (DAVF) is rare; [1] [2] [3] however, reports regarding this disease are increasing, likely due to physicians' heightened awareness. [1] [2] [3] Although the most common location for spinal DAVF is the thoracolumbar spine, DAVF may develop at the craniocervical junction. [1] [2] [3] Craniocervical junction DAVF may be a cause of subarachnoid haemorrhage (SAH), [4] [5] [6] [7] [8] [9] [10] [11] [12] and examination for possible DAVF in this area has been recommended in patients with SAH in whom initial angiographic evaluation for a ruptured aneurysm yields negative results. To date, there are few reported cases of DAVF at the craniocervical junction manifesting as intracerebral haemorrhage (ICH). 13 Here we report a rare case of craniocervical junction DAVF manifesting as cerebellar haemorrhage, which resulted in diagnostic delay.
Case report
A 77-year-old woman, who had previously sustained aneurysmal SAH, visited our Emergency Department (ED) after complaining of dizziness. Her SAH, caused by a ruptured right middle cerebral artery aneurysm, had been treated seven years previously at a local hospital, and since then she had led an independent life. She was alert and oriented upon arrival at the ED, and her blood pressure was 142/82 mmHg. Neurological examination revealed mild truncal ataxia, and brain computed tomography (CT) revealed a small cerebellar haemorrhage near the fourth ventricle (Figure 1(a) ). The patient had not received a neurosurgical check-up for the last few years, and based on the location of the haemorrhage and the patient's age, the cause of haemorrhage was presumed to be hypertensive. Review of a brain computed tomography angiography (CTA) obtained shortly after the aneurysmal clipping showed no vascular abnormality except for the clipped aneurysm, and because of that, no vascular imaging study to identify the cause of haemorrhage was performed following admission to our institution.
She immediately recovered following conservative management, and was discharged 5 days after onset. However, four months following admission, she presented at the ED with a severe headache and vomiting. Brain CT revealed a fourth-ventricular haemorrhage, in addition to an SAH around the brainstem (Figure 1(b) ), and brain CTA revealed a tortuous vessel at the high cervical spine, Department of Neurosurgery, Fujita Health University Hospital, Japan the cause of which was suspected to be DAVF (Figure 2(a) ). To evaluate its angioarchitecture further, both digital subtraction angiography and interventional radiology-computed tomography (IVR-CT) (Aquilion CX, TSX-101A; Toshiba Medical Systems Corp, Tochigi, Japan) were performed. The latter examination revealed that the feeding arteries originated from the extradural left vertebral artery at the C1 level, and that the arterial flow was drained downwards into the markedly dilated anterior spinal vein (Figure 3 
3(c) and (d)
). Based on these angiographic findings, she was diagnosed with DAVF, in which the feeding artery was the C1 radicular artery and draining vein was the anterior spinal vein. The two episodes of haemorrhages were considered to be caused by disruption of the vein of the inferior cerebellar peduncle. To prevent a third episode of bleeding, endovascular occlusion of DAVF was attempted two weeks after SAH onset; however, this was unsuccessful because the feeding artery could not be catheterised. Subsequently, she was brought to the operating theatre and underwent surgery to eradicate DAVF. Following left-sided far-lateral suboccipital craniotomy and dural incision, both the feeding artery and draining vein were easily identified, and its arteriovenous shunt point was in the dura around the left C1 nerve root. Complete DAVF devascularisation was achieved by clipping of the feeding artery and coagulation of the draining vein (Figure 4(a) and (b) ). The postoperative course was uneventful, and following vigorous rehabilitation, she returned to her baseline daily activity two months following surgery. Follow-up brain CTA obtained three months postoperatively revealed DAVF disappearance (Figure 2(b) ). Permission was granted by the patient and her family to publish these findings.
Discussion
Patients with DAVF at the craniocervical junction may present with SAH, [4] [5] [6] [7] [8] [9] [10] [11] [12] whereas those with thoracolumbar DAVF mostly present with venous congestive myelopathy. [1] [2] [3] In a recent literature review, 21 patients with craniocervical junction DAVF manifesting as SAH were identified. 1 Examination for possible craniocervical junction DAVF has been recommended in patients with SAH in whom the initial angiographic evaluation yields negative results, and reports regarding craniocervical junction DAVFs causing SAH are increasing, likely due to heightened physicians' awareness of the disease. [1] [2] [3] In this context, the present case was particularly unique because the clinical manifestation was not SAH but cerebellar haemorrhage, which resulted in substantial diagnostic delay. Although cranial DAVFs involving the transverse and/or sigmoid sinus occasionally cause supratentorial ICHs, 14 craniocervical junction DAVF causing posterior fossa haemorrhage is very rare, with a PubMed search yielding only one case. 13 Because the initial ICH developed near the dentate nucleus, a typical location for hypertensive cerebellar haemorrhage, we mistakenly assumed that the cause of ICH was hypertensive although the patient had no history of hypertension and her blood pressure in the ED was only slightly elevated (142/82 mmHg). Because DAVF had not been present in the imaging study obtained during treatment of the aneurysmal SAH seven years previously, it is likely that her DAVF developed during the seven-year interval. Efforts to investigate the cause of bleeding, with vigorous use of imaging studies such as brain CTA, may be important in patients with apparently typical hypertensive ICH, particularly in those without a history of arterial hypertension. Fortunately, the SAH that occurred four months after the initial ICH was mild, and the patient was able to regain her baseline daily activity following DAVF treatment.
The mechanism underlying haemorrhagic presentation in patients with craniocervical junction DAVF involves venous hypertension: the increase in venous pressure of the draining vein because of arterialisation by DAVF results in disruption of anastomotic intracranial veins and bleeding. [1] [2] [3] In the present case, because of the large-caliber feeding artery, the pressure of the anterior spinal vein may have been markedly elevated, resulting in delayed retrograde filling of the posterior medullary vein and vein of the inferior cerebellar peduncle ( Figure 2 ). 15 We speculate that bleeding points in the first and second haemorrhages were anatomically close. Disruption of a smaller, intraparenchymal portion of the vein of the inferior cerebellar peduncle may have caused the cerebellar haemorrhage, and disruption of the vein in the cisternal portion may have caused the SAH. IVR-CT was useful for clarifying the anatomical correlation among the feeding artery, draining vein and bony structures of the craniocervical junction, and its use is encouraged in patients with spinal DAVF. 16 Funding Figure 4 . (a) An intraoperative photograph showing the dural arteriovenous fistula (DAVF); both the feeding artery (arrowhead) and draining vein (asterisk) were observed. (b) Complete DAVF devascularisation by clipping of the feeding artery and coagulation of the draining vein was achieved.
